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[IpoBeneno Mopdonornueckoe UCCleI0BaHIEe YIbTPACTPYKTYphl MEMOPaH 3PUTPOIUTOB U KIETOK MCUCHH, JUTUTEIBHOE BPeMs
xpanuBmxcs mpu 4°C. [Tokazano,urto nmocie 20 cyTOK XpaHEeHHs HaOII0AAeTCs BRIpaXKEHHAS IeCTaOMITH3aIHs CTPYKTYPhI HX MeMOpaH,
COIIPOBOJKAaeMasi 00pa30BaHUEM CIHKYJ U TOTepei MeMOPaHHOTO MaTeprana. YIbTpacTpyKTypHOE COCTOSTHHE KIETOK IIEYSHH IT0CIIe
CYTOK XpaHEHHS B KHIKOU (ha3e CBUAETENBCTBYET 00 NX BBICOKOH COXPaHHOCTH M 00paTHMOCTH HaOIIonaeMbIxX m3MeHeHuit. [1o crernenn
aGHIBHOCTH IPH THIOTEPMUYECKOM XPAHEHUH BHY TPHUKIIETOUHBIE CTPYKTYPBI PACHONIATaIOTCs CIEIYIOIIM 00pa3oM: MHTOXOHIPHUH,
SHJI0IUIA3MAaTHIECKasl CETh, SACPHBIN anmapar.

Kniouegvie cnoga: >puTPOLUTHI, TEIATOLUTHI, THIIOTEPMHUS, YIBTPACTPYKTYpPa.

[IpoBeneHO MOp(OIOTIYHE TOCIIIKEHHS YABTPACTPYKTYPH MEMOpaH €PUTPOLIUTIB 1 KITITHH EYIHKH, K TPUBAIUIT yac 30epiranu
mpu 4°C. Tlokazano, mo micns 20-i 7obu 30epiraHHs CHOCTEpIraeThCs BHpPakeHa AecTabimizaliss cTpyKTypH IXHIX MeMOpaH, ska
CYNPOBOIIKYETHCSI YTBOPCHHSM CIIKYI 1 BTPAaTOI0 MEMOPaHHOTO Marepiaiy. YIbTpacTpyKTYpHHUH CTaH KIITHH IEYiHKH IMicisl 100U
30epiraHHs B piikid (ha3i CBITYHATH PO iXHIO BUCOKY 30€pEKEHHICTH 1 000POTHICTE 3MiH, IO CIIOCTEPITaINCs. 32 CTYIICHEM JIA0UTHHOCTI
MIPH TIIOTEPMIYHOMY 30€piraHHi BHY TPIITHBOKIIITHHHI CTPYKTYPH PO3TAIIOBaHI B TaKii IIOCIIIOBHOCTI: MITOXOH/pI1, eHAOILIa3MaTHIHA
Mepexa, sICpHUM anapar.

Kntouosi cnoea: epuTpOLMTH, TEIATOLUTH, TIIIOTEPMIs, YIBTPACTPYKTYypa.

Morphological investigation of ultrastructure of erythrocyte membrane and liver cells, stored for a long time under 4°C was
carried-out. It was shown, that a manifested destabilisation of their membrane structure, accompanied with spiculae formation and loss
of membrane material was observed following 20 days of storage. Ultrastructural state of liver cells after 1 day of storage in a liquid
phase testifies to their high integrity and reversibility in the observed changes. By lability extent under hypothermic storage the

intracellular structures are graded as follows: mitochondria, endoplasmic reticulum, nuclear apparatus.
Key-words: erythrocytes, hepatocytes, hypothermia, ultrastructure.

ITo runmotepmuueckomy xpanenuto (I'X) apurpo-
LUTOB, H30JIMPOBAHHBIX T'€MIATOLUTOB U ()ParMEeHTOB
TKaHU HaKOIUJIEH 3HAYUTENbHBINA ONBIT. B TO 5ke Bpems
CBEJIGHUA O CpPOKax Hadalla M3MEHEHHS yIbTpa-
CTPYKTYPHbI KJIETOK MEYSHH MPU XPAHEHUH ITPOTHBO-
peduBbl. CuuTaeTcs, 4TO NPOAOIKHUTEIBHOCTD
XpaHeHUus OMOJIOTMYECKOTO MaTrepuana B KU3He-
CIIOCOOHOM COCTOSIHHH B COCTaBE TKaHHU OTpaHUYEHA,
KaK IPaBUII0, HECKOJIbKUMH YacaMu [4, 5], KIIETOYHBIX
cycnensui — 1-3 cytkamu [1], a aputponuros — 1-2
Henensmu [2].

[IpencraBnsuioch HHTEPECHBIM BBIICHUTH BPEMEH-
HOM Tipeen MOp(OIOTHIEeCKO COXPaHHOCTH CTPYKTY-
PBI IIEYEHU U SPUTPOLIUTOB NMPH NOHMKEHHBIX (4°C)
TeMIlepaTypax.

Lens paboThl — U3YYHUTH CTPYKTYpPHBIE Iepe-
CTPOMKH B KJIETKaX U MX MEMOpaHax MpH AIUTEIHHOM
TUIOTEPMUYECKOM XPaHEHUH.

Matepnanbl 1 metoAbI
B kauecTBe 00BEKTA UCCIIEMOBAHMS UCIIOIb30BAHEI
SPUTPOLUTHI JOHOPCKOM KPOBU, KOTOPBIE XPAHUIIU IIPU

Significant experience in hypothermic storage (HS)
of erythrocytes, isolated hepatocytes and tissue
fragments has been accumulated. At the same time
the information about the terms when liver cell
ultrastructure begins to change during storage is
contradictory. Duration of biological material storage
in a viable state as a part of tissue is considered to be
generally limited by some hours [4,5], 1-3 days for
cell suspensions [1] and 1-2 weeks for erythrocytes
[2].

Of interest was to reveal a time limit of morpho-
logical integrity for liver structure and erythrocytes
under lowered temperatures (4°C).

The work was aimed to study structural rearrange-
ments in cells and their membranes under long-term
hypothermic storage.

Materials and Methods

Donor blood erythrocytes and Wistar rats’ liver
fragments, stored under 4°C within 30 days and more
(for erythrocytes) and up to 6 days (for liver fragments)
were used as research object. Investigations of
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temneparype 4°C 30 cyTt u Oojiee, U pparMeHTHI
nedYeHu Kpblc TUHUM Bucrtap, XpaHupmmuecs 10 6
cytok. MccnenoBanus MeMOpaH 3pUTPOLUTOB
MIPOBOJAMIIHN 3JIEKTPOHHO-MHUKPOCKOMTUIECKUM METO-
JIOM 3aMOpakMBaHUs-cKanbiBaHus. OOpas3ibl KpHO-
(UKCHpOBaIN COHIBUY-METOAOM C HOMOIIBIO ABYX
OXJIAXJEHHBIX B KHAKOM a30T€ MEIHBIX OJIOKOB.
CkarnpIBaHVE U HATIBUICHNE PETITHKHU OCYIIECTBIISIN B
BaKyyMHOW HaIlbIJIUTEIbHON yCTaHOBKE MPH TEMIIe-
parype ot —100 1o —105°C u naBnenun 10°mm pT. CT.
OO0pa3Irsl MeYeH! MPEnapuPOBAIH 10 OOTIECTIPHUHATON
Metoauke [3]. YasTpaToHKHE cpe3bl KOHTPacTHPO-
BaJIl HACBHIIEHHBIM BOJHBIM PacTBOPOM YpaHUJI-
amerata ¥ quTpaToM cBuHUOa. [IpocMotp 00Opasios
IIPOBOJIMIIH C TIOMOIIBIO JIEKTPOHHBIX MHUKPOCKOIIOB!
pactpoBoro POMMA-101A u TpaHCMHCCHOHHOTO
I15M 125K, cHaOKEHHOIO CUCTEMOM CheMa U aHalIn3a
m3oopaxenus CAU-01A (AO “SELMI”, . Cymsr)
Ha ocHoBe CCD kamepsl DX-2 u makera mporpamm
¢upmer “KAPPA” (I'epmaHus) mpu yCcKOpSIOIIEM
HanpspkeHuu 75 kB.

Pe3yAbTatel M 00Cy)xaeHue

N3BecTHO, YTO MeMOpaHa WHTAKTHBIX dPUTPO-
LUTOB HPHU CKAJbIBAHUH PACLIEIISIETCS BAOJD
rugpodobHOil oOnacTtu, oOHaXas MPU I3TOM [BE
OoTHOCUTENbHO Imankue nosepxHoctd PF u EF ¢
XapaKTepPHBIM XaOTHUYECKUM paclpenelieHueM
BHyTpuMeMOpaHHbIX yactul (BMY). Dxcnepu-
MEHTAJIBHO JO0Ka3aHo, 4yTo BMY mpencraBnsoT
co00i1 HHTeTpaTbHBIE OEJIKY, BCTPOSHHBIE B JIUTTHIHYIO
o6nacTp MeMOpaHbl. MOXXHO CUYHTATh yCTAaHOB-
JICHHBIM, YTO XapaKTep UX paclpeeieHus] OTpaKkaeT
OUHAMHUKY O€JIOK-THIHMIHBIX B3aUMOJEHCTBUN H
omnpenensieTcss CTPYKTYPHO-QYHKIIHOHATbHBIM
coctosiHueM MeMOpaHbl. B HOpMe BpamatensHas u
naTepanbHas MOABUKHOCTH MEMOPAaHHBIX OEJIKOB
pEe3Ko orpaHMYeHa, T.e. CHUCTeMa MeMOpaHa-
LHUTOCKEJIET AOBOJBHO yCTOWUYMBA, W HAOIIOAATh
JlarepajbHoe nepepacnpeneneane BMY B riiockoctu
MeMOpaHbl He ynaeTcsl.

Kpurepuem Mopdoaoruueckoro cocTosSHUS
MeMOpaHbI CITYKHJIH TUIOTHOCTD U XapakKTep pacmpe-
peneHuss BMUY, a Takxe yclOBUS NPOXOXKIACHUS
IUIOTHOCTH CKOJIA BHYTPU MEMOpaHBHI.

He6onpimme cpoku XpaHeHUs: SpUTPOLUTOB (110
10 cyT) HE IPUBOIAT K CYyIIECTBEHHBIM H3MEHCHHUSIM
ux (GOpMBI U YyIBTPACTPYKTYpHl MeMOpan (puc.l).
Uucnennele 3HaueHus mwiotHoctu BMY, xapaxrep
MPOXOXKJICHUS IIOTHOCTU CKOJIa HaXOJMJIHChH B
rpenesaax HOPMEI. B 3TOT mepuox vk B UTO30I1€
KJIETOK OTMEYEHBI KOMMIAKTHU3aIUs U KOHICHCAIUs
reMorioOuHa, HaOmogaemMbie B Buae OudazHOMN,
reyIenofgo0HOM CTPYKTYpBl — IIIaJIKHE, JHUIICHHbIE
MOJIEKYJI TeMOTJI00MHa 00JIaCTH U 30HBI KOHJEHCHPO-
BaHHOTO TeMonnobuna (puc. 2). Ilpu uccnenoBanuu
pacupenenenus maorHoctu BMY na PF- u EF-
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erythrocyte membranes were carried-out using
electron-microscopy method of freeze-fracturing.
Samples were cryofixed by sandwich-method using
two copper blocks, cooled in liquid nitrogen. Fracturing
and replica sputtering were carried-out in vacuum
sputtering unit at —100 to —105°C and 10°° mm hg
pressure. Liver samples after each storage term were
prepared by the standard methods [3]. Ultrathin
sections were counterstained with a saturated uranil
acetate aqueous solution and lead citrate. Liver cell
ultrastructure was studied using electron microscopes
such as: REMMA-101A scanning and PEM-125K
transmission ones, supplied with SAI-01A system for
extraction and image analysis (“SELMI” company, city
of Sumy), based on CCD of DX-2 chamber and
“KAPPA” Software (Germany) at 75 kV accelerating
voltage.

Results and discussion

Membrane of intact erythrocytes during fracturing
is known to be splitted along hydrophobic area thereby
uncovering two relatively smooth PF and EF surfaces
with a typical chaotic distribution of so-called
intramembranous particles (IMPs). As experimentally
approved, IMPs are integral proteins built into
membrane lipid area. The fact that a character of their
distribution reflects dynamics of protein-lipid
interactions and is determined by structural and
functional membrane state can be considered as
established one. Rotative and lateral mobility of
membrane proteins is sharply limited in the norm, i.e.
membrane-cytoskeleton system is quite resistant and
observation for lateral IMPs redistribution in membrane
surface is failed.

Density and character of IMPs distribution, as well
as the conditions of chip density passing inside
membrane served as the criterion for membrane
morphological state.

Short terms of erythrocyte storage (up to 10 days)
do not result in considerable changes in their shape
and membrane ultrastructure (Fig. 1). Numerical
values of IMPs density, the character of chip density
passing were within the normal range. In this period
only in cell cytosol there were noted hemoglobin
compacting and condensation, observed as biphase,
gel-like structure: smooth, hemoglobin molecule-free
areas and those of condensed hemoglobin (Fig. 2).
When investigating IMPs density redistribution on PF-
and EF-surfaces of erythrocyte membrane chip there
was found out that at a relatively equal IMPs total
density in comparison with the control cells during initial
step of storage, a stable tendency of their redistribution
between internal (PF) and external (EF) membrane
monolayers in favour of the latter was observed. This
testifies to a change in protein-lipid and protein-protein
interactions both in a membrane itself and between
integral components of membrane and cytoskeleton.
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Puc. 1. Mopdonorudyeckoe cocrosiHue (a) U CTPyKTypa
uro3o0i (6) spurponuTos rocie 10 cyt I'X. Cyt—1uTo30575b.

Fig. 1. Morphological state (a) an cytosol (Cyt) structure
(b) of erythrocytes after 10 days of HS.

MOBEPXHOCTAX CKOJIa MEMOpPaHBl SPUTPOLUTOB
YCTaHOBJIEHO, YTO TPY OTHOCUTENEHO OJAMHAKOBOMU C
KOHTPOJBHBIMU KJIETKAMU CYMMapHOH IIOTHOCTH
BMHU B npouecce HauyanbHOrO 3Tana XpaHEHUS
OTMeUaeTcs yCTOMYMBas TEHACHIUS HX Mepe-
pacnpeneneaus Mexxny BHyTpeHauM (PF) n BHemHIM
(EF) MoHOC105MH MEeMOpaHBbI B 0JIb3Y HOCJICIHETO.
DTO CBUAETENLCTBYET 00 M3MEHEHUH OEJIOK-
JUNHUIHBIX ¥ 0€TOK-OSIKOBBIX B3aMMOCHCTBHN KakK
B caMOil MeMOpaHe, TaKk U MEXIy WHTErpaibHBIMU
KOMITOHEHTaMH MeMOpPaHbI U IIUTOCKEIETOM.

IIpu cpokax xpanenusa 10-25 cyTok oTMe4eHBI
CYIIECTBEHHOE M3MEHEHUe (POPMBI IPUTPOIUTOB U
MOBEPXHOCTH CKOJa MX MeMOpaH, oOpa3oBaHHE
BIISTYMBAHUN M BBIPOCTOB Ha MeMOpaHHOU MOBEPX-
HOCTH, XapaKTEePHBIX ISl UCTOMEHHBIX Mo ATO
SPUTPONUTOB (pUC. 2, a), a TaKKE yMCHBIICHUE
BpPEMEHHU KHCIOTHOTO T'€éMOJIM3a dPUTPOLHUTOB U
BO3pacTaHWe WX OJHOPOJHOCTH IO OTHOIICHHUIO K
3TOMY TOKa3arelnto. BeanumHa remonusa Oblia He
CTOJIb 3HAYUTENIBHON U COCTaBIsLIa B cpeaHeM 3-5%.

Hauunnas ¢ 20-x cyTok, MpOUCXOIUT IpoLEce
HaOyxaHHS 3PUTPOILHUTOB, a HA UX MOBEPXHOCTH
NMPOBJIEMbI
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Puc. 2. Mopdoaoruyeckoe COCTOSHHE MOBEPXHOCTH
sputpormToB: a— 110 20 cyt ['X; 6 — hopmupoBaHue Crimkyi
(S) Ha moBepxHOCTH ocye 20 cyt ['X.

Fig. 2. Morphological state of erythrocyte surface: a — up
to 20 days’ HS; b — spiculae (S) formation on surface after
20 days’ HS.

Under 10-25 days’ storage term there were
observed considerable changes in erythrocyte shape
and chip surface of their membranes, formation of in-
and outgrowths on membrane surface, typical for
exhausted by ATP erythrocytes (Fig. 2, a), as well as
a decrease in time of erythrocyte acid hemolysis and
increase in their heterogeneity in respect of this index.
Hemolysis value was not so significant and made 3-
5% on average.

Starting with the 20" day the process of erythrocyte
swelling occurs and spiculae (typical membrane
outgrowths) appear on their surface (Fig. 2, b). At a
long-term storage (30 days and more) we observed
smooth, IMPs-free vesicular formations in erythrocyte
suspension, that testified to their lipid origin, as well as
an increase in IMPs density on PF-surface. Vesicle
formation reflects an intensive loss in membrane
material.

Thus, cell and especially its membrane, being a
dynamic structure, actively responds to changed
conditions by modifying its structure.

Studying the effect of temperature factor on
ultrastructure of nucleated cells enabled to trace the
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MIOSIBJISIFOTCS] XapaKTepHBIE MEMOpPaHHBIE BHIPOCTHI —
CIUKYIEI (puc. 2, 0). IIpn AmuTeTbHOM CpOKe XpaHSHSI
(30 cyT u Gonee) B cycrneH3UU SPUTPOLMTOB HAMH
OTMEYEHBHI IMajakue, mueHHsie BMY Be3ukynspHble
00pa3oBaHMs, YTO CBUIETENLCTBYET 00 MX JIUITUAHOM
MIpUpOJE, a TaKXkKe Bo3pacTaHue wioTHoctd BMY Ha
PF-noBepxnoctu. O0pazoBaHue BE3UKYJT OTPa’KaeT
WHTEHCUBHYIO NIOTEPI0 MEMOPaHHOTO MaTepHana.

Takum 00pazom, KieTka 1 0COOEHHO ee MeMOpaHa,
SIBASIACH NTUHAMUYECKOM CTPYKTYypOH, aKTHBHO
pearupyer cBoei MoauduKaluel Ha U3MEHSOIINECs
YCIIOBUSL.

Wzydennie BIUSIHAS TEMIIEPATYPHOTO (haKTOpa Ha
YABTPACTPYKTYPY AAPOCOAEPKAIINX KIIETOK MO3BO-
JIUJIO IPOCJIEIUTH TOCIEN0BATENBHOCTD Ierpagaliiu
KJIETOYHBIX OpTaHeIll IPU XPaHEHUH.

l'unorepmuueckoe xpaneHne (QparMeHTOB IIEUEHU
B cpene 199 B Teuenue 24 4 nokas3ano COXpaHEHHUE ee
OCHOBHBIX MOP(OJIOTHYECKUX XaPAKTEPUCTUK —
TpaOEeKyIIPHOTO CTPOEHUSA MEYCHOUYHBIX IOJIEK H
CTPYKTYPBl MHUKPOCOCYIHMCTOTO pycia. YiabTpa-
CTPYKTYPHBIM aHAJIN3 TeMaTOUTOB MOATBEPKIAET
COXPAHHOCTh BCEX KJIETOYHBIX CTPYKTYp, a TakKkKe
TECHYIO CBS3b JJIEMEHTOB OEIOKCHHTE3NpPYIOLEeH 1
sHeproobecneuynBaiomend cucrem kietku. Popma
TermaToNrUTOB U MEKKIETOYHbIE KOHTAKTHI OCTAIOTCS
HENOBPEeXIEHHBIMU. SIpo, Kak ollHA W3 Hambojee
YCTOHUMBBIX KJIETOYHBIX OpraHeis, B JaHHBIX
YCJIOBHSIX TOJHOCTBIO COXPAHSET CBOIO CTPYKTYpPY
(puc. 3). B uuromnasme rpanynspusiii DIIP npen-
CTaBJEH y3KMMM KaHalbLlaMHU, OKPYXKAIOIUMHU
MHUTOXOHAPHUHU, U NMapaJIebHBIMU UCTEPHAMH,
KOTOpBIE COCPENOTOYCHBI, TJIaBHBIM 00pa3oM, B
oKoJosnepHoi 30He. ArpanynsapHsiid JIIP B Buae
HEOONBIINX BE3UKYJ U CPABHHUTEIBHO KOPOTKHX
TpyOOUeK pacmpeziesieH Mo BCe MUTOILIa3Me.

VibTpacTpyKTypa MUTOXOHJAPHUI ONMU3Ka K HOp-
MaJbHOU. ISl HUX XapakTepHbl OKpyIJas WU
oBanbHas popma, yeTkas BOHHas MeMOpaHa U
MaTpPHUKC CpeIHEN 3JIEKTPOHHOH IJIOTHOCTH CO
cl1a00BBIpAKEHHBIMHU KpucTaMu. Anmapat [oibmxu
COCTOMUT M3 Iy3bIPBKOB U IUIOCKHMX LIMUCTEPH, COAEP-
XKHUMOE KOTOPBIX UMEET HU3KYIO 3JEKTPOHHYIO
IJIOTHOCTbh. [JIMKOTeH B BHJIE CKOIUIEHUH I'paHyld U
PO3€ETOK paccpeoToUYeH N0 Beel nuromiasme. Kak u
B HOpMeE, dHAOTEINNA CHHYCOUJHBIX KaITMJUISIPOB
MPEeACTaBIE€H YIUIOMIEHHBIMU 3HAOTEIUOMUTAMHU
(puc. 4) ¢ mwupokuMH NopamMu U QeHecTpaMu B UX
nepuQepruIecKux OTPOCTKAX, a TAK)KE ITIEYEHOYHBIMU
Makpodaramu. XKemuHble KanUIUISPbI ¥ IPOCTPAHCTBO
[ucce coxepkar XOpOIIO BBIPAXKEHHBIE MHUKPO-
BOPCHHKH, 00pa30BaHHbIC IUTOJIEMMOIl IrenaTouuTOB.

UYepes 1,5-2 cyT xpaHeHHU B KJIETKaX IPOUCXOAST
HaOyXxaHue W YacTHUYHAs AECTPYKUHUSA MeMOpaH
rpa"yngapHoro OIIP, 4To NpHUBOAUT K YBEJIHUYEHUIO
KOITMYeCTBa CBOOOMHBIX pubocoM. HabyxaHnue muto-
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sequence for cell organella degradation during storage.
Under liver fragment hypothermic storage in 199
medium during 24 hrs there was noted the integrity in
its principal morphological characteristic, such as
trabecular structure of liver lobules and microvascular
channel structure. Ultrastructural analysis of
hepatocytes confirms the integrity of all cell structures,
as well as a tight relationship between elements of
protein-synthesising and energy-efficient cell system.
Hepatocyte shape and intercellular contacts remain
undamaged. Under these conditions a nucleus as one
of the most resistant cell organella completely
preserves its structure (Fig. 3). In cytoplasm the
endoplasmic reticulum (EPR) is presented by narrow
channels, surrounding mitochondria and parallel
cisterns, mostly located in perinuclear area. Agranular
EPR as small vesicles and comparatively short tubes
is distributed along all cytoplasm.

The mitochondria ultrastructure is close to the
normal one. They are characterised by a roundish or
oval shape, distinct double membrane and matrix of
average electron density with a slightly manifested
crysts. Golgi apparatus comprises vesicles and flat
cisterns with low electron density in their content.
Glycogen in the form of granule and rosula accu-
mulations is distributed along all cytoplasm. Endo-
thelium of sinusoid capillaries is presented by flattened
endotheliocytes (Fig. 4) with wide pores and fenestras
in their peripheric islets, as well as by hepatic
macrophages as in the norm. Biliary capillaries and
Disse’s space comprise well manifested microvilli,
formed by hepatocyte cytomembrane.

Following 1.5-2 days of storage a swelling and
partial membrane destruction of granular EPR in cells
occur, resulting in an increase of free ribosome number.
Mitochondria swelling is accompanied with matrix

> L -
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Puc. 3. ®parMeHT AByX4I€pHOT0 renaTonuTa nocie 24 4
I'X B cpene 199: N — anpo; M — muroxonapus; EPR —
9HJIOTUIA3MATHYECKUH peTUKyITyM; G — pO3eTKHU IIIMKOTeHa;
N — SIIPBIIIKO.
Fig. 3. Fragment of two-nuclear hepatocyte after 24 hrs’ HS
in 199 medium. N —nucleus; M — mitochondrion; EPR; G —
glycogen; n — nucleolus.
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Puc. 4. CocTostHUE yABTPAaCTPYKTYpPHl CHHYCOUIHOTO
Karyuisipa nocite 24 I'’X B cpene 199. O6o3HaueHwus Te xe,
4TO Ha puc. 3; E —3n10TenHil.

Fig. 4. State of synusoid capillary ultrastructure after 24
hrs” HS in 199 medium. The same legends as for Fig.3, E —
endothelium.

XOHIPUH CONPOBOKAAETCS MPOCBETIACHUEM MAaTPUKCa
W 9aCTUYHBIM pa3pylieHueMm KpucT. B ammapare
lonbmxu npeobnanaloT BakyojeoOpa3Hble U BE3U-
KyJSIpHBIE CTPYKTYpHL. B simpax KieTok mosiBisieTcs
H3PE3aHHOCTh KOHTypa 0e3 HapyUICHHS MUPUHBI
MEPUHYKJIEAPHOTO MPOCTPAHCTBA, U3MEHIETCS
COOTHOILIEHUE MEXAY FeTepo- U 3YXpPOMATHHOM C
YBEJIIMYEHUEM JI0JIM KOHAECHCHUPOBAHHBIX Y4aCTKOB.

OpHaKo ¥ TpY JaHHBIX CPOKaxX XpaHEHHs BCTpe-
YaIOTCs 3HAUYMTEIbHBIE YYACTKH TKAaHU, B KOTOPBIX
COXPAaHHOCTb YABTPACTPYKTYpPBl AOCTATOUYHO BBICO-
kas. Kak BunHO u3 puc. 5, ctpykrypa OIIP, a Taxxke
€ro TOIOJIOTUYECKas CBSI3b C MHUTOXOHIPHUSIMHU U
KapuoJIeMMOU MPAKTUYECKH HE HapyIIaroTCs.

B ycnoBusax Gonee mIMTENbHOTO THIOTEPMHU-
YEeCKOTr0 XpaHeHHs B 00JIbIIei CTeTeHH HAOII0NAI0TCS
JUHAMHUYHBIE W3MEHEHHsS CTPYKTYPBl MUTOXOHAPUN
(naOyxanwue, ae3zopranusanus kpuct) u DIIP (¢ppar-
MEHTalHs, BaKyoJU3alus U PaclIMpeHue LUCTEPH,
yMeHbLIeHHe KoindyecTBa pubocom). KomnuecTBo
[JIMKOT€HAa B [IUTOTJIA3ME TeNaTOINTOB 3HAYUTEIHHO
YMEHBIIIAETCS, YTO COMPOBOXKIAETCS MOABICHUEM
OOLIMPHBIX MPOCBETICHHBIX obnactedl. B 3aBucu-
MOCTH OT YCJIOBHM XpaHEHHs (BIaKHas KaMepa HUiIH
x)uakas $aza) HaOarOmANKMCh MO0 CTAarHamus, Moo
pacuimpeHre npocBeToB cuHycousoB. OOHapYKu-
BAIOTCSl TAaK)Ke pa3pyLICHHBbIC KJIETKU dHIOTENIHO-
uutoB. IIponoHranus cpokoB XpaHeHHUs 10 72 4 U
Jajee MPUBOJINUT K OECTPYKIUH BCEX KIETOYHBIX
KOMIIOHEHTOB TKaHU HE3aBHCHMO OT YCIOBHH
XpaHEeHHsI.

Cnenyer Takxe OTMETHTh, 4TO nocie 48 4
pasIuyYre B yCIOBHSIX TUIIOTEPMHYECKOTO XPaHEHUS
(parMeHTOB TEYEHN NPHUBOAUT K 3HAYUTEIHHBIM,
4acTO Pa3HOHANPABICHHBIM H3MEHEHUSIM B CTPYKTYype
TKaHU U KJIETOK. DTO MPOSBIISIETCS. HE TOJIBKO Ha ee
OCHOBHBIX MOP(OJIOTHUYECKUX XapaKTEPUCTHKAX
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Puc. 5. Ynerpactpykrypa hparMeHTa y4acTKa rermnarTornura
nocie 484 I'X Bo BrakxHOW Kamepe. a — 30Ha spa; 0 —
coxpaHeHHe Tornojorundeckoi cszu DI 1P ¢ MUTOXOHAPHSIMY.
0O0603HaveHus Te e, YTO Ha puC. 3.

Fig. 5. Ultrastructure of hepatocyte site fragment after 48
hrs” HS in humid chamber: a—nucleus area; b — preservation
of EPR topological relation with mitochondria. The same
legends as for Fig.3.

enlightenment and a partial cryst destruction. Vacuole-
like and vesicular structures predominate in Golgi
apparatus. The contour unevenness with no change in
perinuclear space width appears in cell nuclei, there is
a change in ratio between hetero- and euchromatin
with an increase in a part of condensed sites.

However even under these storage terms the
considerable sites of tissues with quite high ultra-
structure integrity are seen. As presented in Fig. 5,
the EPR structure, as well as its topologic relationship
with mitochondria and kariolemma are not practically
impaired.

Dynamic changes in mitochondria structures (their
swelling, cryst disorganisation) and EPR (frag-
mentation, vacuolisation and cistern widening, reduction
of ribosome number) are mostly seen under conditions
of more long-term hypothermic storage. Glycogen
amount in hepatocyte cytoplasm reduces in a
considerable extent with appearance of extended
enlightened areas. Depending on storage conditions
(humid chamber or fluid phase) either sinusoid lumen
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(6asI0YHOM CTPOCHUH MTEYEHOYHBIX J0JIEK ¥ CTPYKTYpe
MHUKPOCOCYAMCTOIO PyCia), HO U YIbTPacTPyKType
KJIETOK.

BbiBOABI

l'unmorepmuueckoe xpanenue (24 1) pparMeHTOB
MeYeHn B kuaKoi ¢aze (cpema 199) obecneunBaer
BBICOKUH YPOBEHb COXPAHHOCTHU KIETOK. YIbTpa-
CTPYKTYPHOE COCTOSHHE KJIETOK TaKOBO, UTO
[103BOJIIET FOBOPUTH 00 0OPaTUMOCTH HAOJI0AaeMbIX
HU3MEHEHUH.

Hauaso pa3BuTus ayTOJMTHYECKHX IIPOIECCOB B
TKaHM TIEYCHU TPOSIBIIETCS K 48 1 XpaHCHHUS.

N3ydenue BIusHUSA TeMIIepaTypHOro hakropa Ha
YIABTPACTPYKTYpPy TEMaTOLUTOB MO3BOIIIO MPOCe-
JUTH TIOCIIEOBATENBHOCTh JeTPalallii KIIETOYHBIX
opraHenn B mpouecce xpaHeHus. [lo cremenu
NaOUIBHOCTH TPU TUIOTEPMHUYECKOM XpaHCHUH
BHYTPHUKJIETOYHBIE CTPYKTYPBI PacIOJararoTCs
CIIEIYIOIUM 00pa3oM: MUTOXOHAPHUH, SHJIOTIA3Ma-
THYECKasi CeTh, SACPHBIN armapar.
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stasis or extension were observed. Destroyed cells of
endotheliocytes are also seen. Prolongation of storage
terms up to 72 hrs and more results in destruction of
all cell components of tissue independently on storage
conditions.

Of note is that after 48 hrs a difference in
hypothermic storage conditions for liver fragments
results in significant, often the changes of versatile
directions in tissue and cell structure. This affects not
only its main morphological characteristics (beam
structure of liver lobules and microvascular channel
structure), but cell ultrastructure as well.

Conclusions

Hypothermic storage (24 hrs) of liver fragments in
liquid phase (199 medium) provides a high level of cell
integrity. Ultrastructural state of cells is that one
enabling to suggest about a reversibility of observed
changes.

Beginning of autolytic process development in liver
tissue manifests to the 48 hr of storage.

Studying the effect of temperature factor on
hepatocyte ultrastructure enables to trace the sequence
of cell organella degradation during storage. By lability
extent under hypothermic storage the intracellular
structures are graded as follows: mitochondria,
endoplasmic reticulum, nuclear apparatus.
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